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(2) On-line (e.g., CANDU) reactor fuel 
charging and discharging machines, i.e., ma-
nipulative equipment especially designed for 
inserting or removing fuel in an operating 
nuclear reactor. 

(3) Complete reactor control rod system, 
i.e., rods especially designed or prepared for 
the control of the reaction rate in a nuclear 
reactor, including the neutron absorbing 
part and the support or suspension struc-
tures therefor; 

(4) Reactor primary coolant pumps, i.e., 
pumps especially designed or prepared for 
circulating the primary coolant in a nuclear 
reactor. 

(5) Reactor pressure tubes, i.e., tubes espe-
cially designed or prepared to contain fuel 
elements and the primary coolant in a nu-
clear reactor at an operating pressure in ex-
cess of 50 atmospheres. 

(6) Zirconium tubes, i.e., zirconium metal 
and alloys in the form of tubes or assemblies 
of tubes especially designed or prepared for 
use in a nuclear reactor. 

(7) Reactor internals, e.g., core support 
structures, control and rod guide tubes, ther-
mal shields, baffles, core grid plates and dif-
fuser plates especially designed or prepared 
for use in a nuclear reactor. 

(8) Reactor control rod drive mechanisms, 
including detection and measuring equip-
ment to determine flux levels. 

(9) Any other components especially de-
signed or prepared for use in a nuclear reac-
tor or in any of the components described in 
this appendix. 

[55 FR 30450, July 26, 1990, as amended at 55 
FR 34519, Aug. 23, 1990; 58 FR 13004, Mar. 9, 
1993; 61 FR 35602, July 8, 1996; 65 FR 70291, 
Nov. 22, 2000] 

APPENDIX B TO PART 110—ILLUSTRATIVE 
LIST OF GAS CENTRIFUGE ENRICH-
MENT PLANT COMPONENTS UNDER 
NRC’S EXPORT LICENSING AUTHOR-
ITY 

1. Assemblies and components especially de-
signed or prepared for use in gas centrifuges. 

NOTE: The gas centrifuge normally consists 
of a thin-walled cylinder(s) of between 75mm 
(3 ins.) and 400 mm (16 ins.) diameter con-
tained in a vacuum environment and spun at 
high peripheral speed (of the order of 300 m/ 
per second and more) with the central axis 
vertical. In order to achieve high speed, the 
materials of construction for the rotating 
rotor assembly, and hence its individual 
components, have to be manufactured to 
very close tolerances in order to minimize 
the unbalance. In contrast to other cen-
trifuges, the gas centrifuge for uranium en-
richment is characterized by having within 
the rotor chamber a rotating disc-shaped 
baffle(s) and a stationary tube arrangement 
for feeding and extracting UF6 gas and fea-

turing at least 3 separate channels of which 
2 are connected to scoops extending from the 
rotor axis towards the periphery of the rotor 
chamber. Also contained within the vacuum 
environment are a number of critical items 
which do not rotate and which, although 
they are especially designed, are not difficult 
to fabricate nor are they fabricated out of 
unique materials. A centrifuge facility, how-
ever, requires a large number of these com-
ponents so that quantities can provide an 
important indication of end use. 

1.1 Rotating Components. 
(a) Complete Rotor Assemblies: Thin- 

walled cylinders, or a number of inter-
connected thin-walled cylinders, manufac-
tured from one of the high strength-to-den-
sity ratio materials described in the Foot-
note to this Section. 

If interconnected, the cylinders are joined 
together by flexible bellows or rings as de-
scribed in § 1.1(c). The rotor is fitted with an 
internal baffle(s) and end caps, as described 
in § 1.1 (d) and (e), if in final form. However, 
the complete assembly may be delivered 
only partly assembled. 

(b) Rotor Tubes: Especially designed or 
prepared thin-walled cylinders with thick-
ness of 12mm (.50 in.) or less, a diameter of 
between 75mm (3 ins.) and 400mm (16 ins.), 
and manufactured from one of the high 
strength-to-density ratio materials described 
in the Footnote to this Section. 

(c) Rings or Bellows: Components espe-
cially designed or prepared to give localized 
support to the rotor tube or to join together 
a number of rotor tubes. The bellows in a 
short cylinder of wall thickness 3mm (.125 
in.) or less, a diameter of between 75mm (3 
ins.) and 400mm (16 ins.), having a convolute, 
and manufactured from one of the high 
strength-to-density ratio materials described 
in the footnote to this section. 

(d) Baffles: Disc shaped components of be-
tween 75mm (3 ins.) and 400mm (16 ins.) di-
ameter especially designed or prepared to be 
mounted inside the centrifuge rotor tube, in 
order to isolate the take-off chamber from 
the main separation chamber and, in some 
cases, to assist the UF6 gas circulation with-
in the main separation chamber of the rotor 
tube, and manufactured from one of the high 
strength-to-density ratio materials described 
in the Footnote to this Section. 

(e) Top Caps/Bottom Caps: Disc shaped 
components of between 75mm (3 ins.) and 
400mm (16 ins.) diameter especially designed 
or prepared to fit to the ends of the rotor 
tube, and so contain the UF6 within the rotor 
tube, and in some cases to support, retain or 
contain as an integrated part, an element of 
the upper bearing (top cap) or to carry the 
rotating elements of the motor and lower 
bearing (bottom cap), and manufactured 
from one of the high strength-to-density 
ratio materials described in the Footnote to 
this Section. 
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FOOTNOTE 

The materials used for centrifuge rotating 
components are: 

(a) Maraging steel capable of an ultimate 
tensile strength of 2.050×109 N/m2 (300,000 lb/ 
in.2 ) or more. 

(b) Aluminium alloys capable of an ulti-
mate tensile strength of 0.460×109 N/m2 (67,000 
lb/in.2 ) or more. 

(c) Filamentary materials suitable for use 
in composite structures and having a specific 
modulus of 3.18×106 m or greater and a spe-
cific ultimate tensile strength of 7.62×104 m 
or greater. 
(‘‘Specific Modulus’’ is the Young’s modulus 
in N/m 2 divided by the specific weight in N/ 
m 3 when measured at a temperature of 
23±20C and a relative humidity of 50 ±5%. 
‘‘Specific tensile strength’’ is the ultimate 
tensile strength in N/m 2 divided by the spe-
cific weight in N/m 3 when measured at a 
temperature of 23 ±20C and a relative humid-
ity of 50 ±5%.) 

1.2 Static Components. 
(a) Magnetic Suspension Bearings: Espe-

cially designed or prepared bearing assem-
blies consisting of an annular magnet sus-
pended within a housing containing a damp-
ing medium. The housing will be manufac-
tured from a UF6 resistant material (see 
footnote to section 2). The magnet couples 
with a pole piece or a second magnet fitted 
to the top cap described in Section 1.1(e). 
The magnet may be ring-shaped with a rela-
tion between outer and inner diameter 
smaller or equal to 1.6:1. The magnet may be 
in a form having an initial permeability of 
0.15 Henry/meter (120,000 in CGS units) or 
more, or a remanence of 98.5 percent or 
more, or an energy product of greater than 
80,000 joules/m3 (10×106 gauss-oersteds.) In ad-
dition to the usual material properties, it is 
a prerequisite that the deviation of the mag-
netic axes from the geometrical axes is lim-
ited to very small tolerances (lower than 
0.1mm) or that homogeneity of the material 
of the magnet is specially called for. 

(b) Bearings/Dampers: Especially designed 
or prepared bearings comprising a pivot/cup 
assembly mounted on a damper. The pivot is 
normally a hardened steel shaft polished into 
a hemisphere at one end with a means of at-
tachment to the bottom cap described in 
Section 1.1(e) at the other. The shaft may, 
however, have a hydrodynamic bearing at-
tached. The cup is pellet-shaped with hemi-
spherical indentation in one surface. These 
components are often supplied separately to 
the damper. 

(c) Molecular Pumps: Especially designed 
or prepared cylinders having internally ma-
chined or extruded helical grooves and inter-
nally machined bores. Typical dimensions 
are as follows: 7mm (0.3 ins.) to 400mm (16 
ins.) internal diameter, 10mm (0.4 ins.) or 
more wall thickness, 1 to 1 length to diame-

ter ratio. The grooves are typically rectan-
gular in cross-section and 2mm (0.08 in.) or 
more in depth. 

(d) Motor Stators: Especially designed or 
prepared ring shaped stators for high speed 
multi-phase AC hysteresis (or reluctance) 
motors for synchronous operation within a 
vacuum in the frequency range of 600–2000 Hz 
and a power range of 50–1000 volts amps. The 
stators consist of multi-phase windings on a 
laminated low loss iron core comprised of 
thin layers typically 2.0mm (0.08 in.) thick or 
less. 

(e) Centrifuge housing/recipients: Compo-
nents especially designed or prepared to con-
tain the rotor tube assembly of a gas cen-
trifuge. The housing consists of a rigid cyl-
inder of wall thickness up to 30 mm (1.2in) 
with precision machined ends to locate the 
bearings and with one or more flanges for 
mounting. The machined ends are parallel to 
each other and perpendicular to the cyl-
inder’s longitudinal axis to within 0.05 de-
grees or less. The housing may also be a hon-
eycomb type structure to accommodate sev-
eral rotor tubes. The housings are made of or 
protected by materials resistant to corrosion 
by UF6. 

(f) Scoops: Especially designed or prepared 
tubes of up to 12 mm (0.5in) internal diame-
ter for the extraction of UF6 gas from within 
the rotor tube by a Pitot tube action (that 
is, with an aperture facing into the circum-
ferential gas flow within the rotor tube, for 
example by bending the end of a radially dis-
posed tube) and capable of being fixed to the 
central gas extraction system. The tubes are 
made of or protected by materials resistant 
to corrosion by UF6. 

2. Especially designed or prepared auxiliary 
systems, equipment and components for gas cen-
trifuge enrichment plants. 

NOTE: The auxiliary systems, equipment 
and components for a gas centrifuge enrich-
ment plant are the systems of the plant 
needed to feed UF6 to the centrifuges to link 
the individual centrifuges to each other to 
form cascades (or stages) to allow for pro-
gressively higher enrichments and to extract 
the product and tails of UF6 from the cen-
trifuges, together with the equipment re-
quired to drive the centrifuges or to control 
the plant. 

Normally UF6 is evaporated from the solid 
using heated autoclaves and is distributed in 
gaseous form to the centrifuges by way of 
cascade header pipework. The ‘‘product’’ and 
‘‘tails’’ of UF6 gaseous streams flowing from 
the centrifuges are also passed by way of cas-
cade header pipework to cold traps (oper-
ating at about ¥70 °C) where they are con-
densed prior to onward transfer into suitable 
containers for transportation or storage. Be-
cause an enrichment plant consists of many 
thousands of centrifuges arranged in cas-
cades, there are many kilometers of cascade 
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header pipework incorporating thousands of 
welds with a substantial amount of repeti-
tion of layout. The equipment, component 
and piping systems are fabricated to very 
high vacuum and cleanliness standards. 

The following items either come into di-
rect contact with UF6 process gas or directly 
control the centrifuge and the passage of the 
gas from centrifuge to centrifuge and cas-
cade to cascade. 

(a) Feed Systems/Product and Tails With-
drawal Systems: 

Especially designed or prepared process 
systems including: 

1. Feed autoclaves (or stations), used for 
passing UF6 to the centrifuge cascades at up 
to 100 KN/m2 (15 psi) and at a rate of 1 kg/h 
or more. 

2. Desublimers (or cold traps) used to re-
move UF6 from the cascades at up to 3 kN/m2 
(0.5 lb/in2) pressure. The desublimers are ca-
pable of being chilled to ¥70 °C and heated to 
70 °C. 

3. Product and tails stations used for trap-
ping UF6 into containers. 

This plant equipment and pipework are 
wholly made of or lined with UF6 resistant 
materials (see Footnote to this Section) and 
are fabricated to very high vacuum and 
cleanliness standards. 

(b) Machine Header Piping Systems: 
Especially designed or prepared piping sys-

tems and header systems for handling UF6 
within the centrifuge cascades. 

This piping network is normally of the 
‘‘triple’’ header system with each centrifuge 
connected to each of the headers. There is 
thus a substantial amount of repetition in 
its form. It is wholly made of UF6 resistant 
materials (see Note to this Section) and is 
fabricated to very high vacuum and cleanli-
ness standards. 

(c) UF6 Mass Spectrometers/Ion Sources: 
Especially designed or prepared magnetic or 
quadrapole mass spectrometers capable of 
taking ‘‘on-line’’ sample of feed, product or 
tails from UF6 gas streams and having all of 
the following characteristics: 

1. Unit resolution for mass greater than 
320. 

2. Ion sources constructed of or lined with 
nichrome, monel or nickel-plate. 

3. Electron bombardment ionization 
sources. 

4. Having a collector system suitable for 
isotope analysis. 

(d) Frequency Changers: Frequency chang-
ers (also known as converters or invertors) 
especially designed or prepared to supply 
motor stators as defined under Section 1.2(d), 
or parts, components and subassemblies of 
such frequency changers having all of the 
following characteristics: 

1. A multiphase output of 600 Hz to 2000Hz. 
2. High stability (with frequency control 

better than 0.1%). 
3. Low harmonic distortion (less than 2%). 

4. An efficiency of greater than 80%. 

FOOTNOTE 

Materials resistant to corrosion by UF6 in-
clude stainless steel, aluminum, aluminum 
alloys, nickel or alloys containing 60% or 
more nickel. 

[49 FR 47203, Dec. 3, 1984. Redesignated at 55 
FR 30450, July 26, 1990; 58 FR 13005, Mar. 9, 
1993; 61 FR 35602, July 8, 1996; 65 FR 70291, 
Nov. 22, 2000] 

APPENDIX C TO PART 110—ILLUSTRATIVE 
LIST OF GASEOUS DIFFUSION ENRICH-
MENT PLANT ASSEMBLIES AND COM-
PONENTS UNDER NRC EXPORT LI-
CENSING AUTHORITY 

NOTE: In the gaseous diffusion method of 
uranium isotope separation, the main tech-
nological assembly is a special porous gas-
eous diffusion barrier, heat exchanger for 
cooling the gas (which is heated by the proc-
ess of compression), seal valves and control 
valves, and pipelines. Inasmuch as gaseous 
diffusion technology uses uranium 
hexafluoride (UF6), all equipment, pipeline 
and instrumentation surfaces (that come in 
contact with the gas) must be made of mate-
rials that remain stable in contact with UF6. 
A gaseous diffusion facility requires a num-
ber of these assemblies, so that quantities 
can provide an important indication of end 
use. 

The auxiliary systems, equipment and 
components for gaseous diffusion enrichment 
plants are the systems of plant needed to 
feed UF6 to the gaseous diffusion assembly to 
link the individual assemblies to each other 
to form cascades (or stages) to allow for pro-
gressively higher enrichments and to extract 
the ‘‘product’’ and ‘‘tails’’ UF6 from the dif-
fusion cascades. Because of the high inertial 
properties of diffusion cascades, any inter-
ruption in their operation, and especially 
their shut-down, leads to serious con-
sequences. Therefore, a strict and constant 
maintenance of vacuum in all technological 
systems, automatic protection for accidents, 
and precise automated regulation of the gas 
flow is of importance in a gaseous diffusion 
plant. All this leads to a need to equip the 
plant with a large number of special meas-
uring, regulating, and controlling systems. 

Normally UF6 is evaporated from cylinders 
placed within autoclaves and is distributed 
in gaseous form to the entry point by way of 
cascade header pipework. The ‘‘product’’ and 
‘‘tails’’ UF6 gaseous streams flowing from 
exit points are passed by way of cascade 
header pipework to either cold traps or to 
compression stations where the UF6 gas is 
liquified prior to onward transfer into suit-
able containers for transportation or stor-
age. Because a gaseous diffusion enrichment 
plant consists of a large number of gaseous 
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